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ABSTRACT
The thiocyanate method is applied to the determination of uranium in ores after separation by ethyl acetate extraction. Beasonable control of acidity and thiocyanate concentration eliminates the erratic results that are sometimes obtained by thiocyanate methods. The use of the extraction procedure permits the determination of uranium in vanadium-bearing ores, minerals, and rocks» An accuracy of + 2 percent of the accepted value can be readily achieved, I1TRODUCTION The need has existed for a method for uranium determination in minerals, ores, and rocks that would serve in the range between the fluorimetric and volumetric procedures. The method should be simple, rapid, precise, and relatively free from interference by those elements such as vanadium that are often associated with uranium. Such a method has been developed, based on the yellow color produced between thiocyanate and .uranium (VI), Reasonable control of acidity and thiocyanate concentration and the use of an aqueous solution of the thiocyanate reagent has eliminated the erratic results often obtained by thiocyanate methods. By combining this with an extraction procedure, the method has been made applicable to vanadium-bearing minerals and ores.
The thiocyanate method has been studied "by Currah and Beamish Nelson and Hume (19^5) , and Gerhold and Hecht (1951) * Various*modifications of this method have been made with a view to increasing the sensitivity and color stability and minimizing interferences* These modifications involve the use of acetones-water (Crouthamel and Johnson, 1952), dibutoxytetraglycol (Silverman and Moudy, 1955) ? ether and alcohol (Gerhold and Hecht, 1951) ?
and ethyl acetate-acetone-water {DeSesa and Metzel, 195^)• The method developed in this report makes use of the thiocyanate reaction in a 3:2 acetone-water medium for the determination, following an ethyl acetate separation (Grimaldi and Levine, 195^) from vanadium and other possible interferences* The factors that may cause erratic results in the final determination were critically studied and eliminated. These include inexact control of thiocyanate and acid concentrations which leads to nonreproducible absorbancies especially in the presence of acetone. Use of an acetone solution of ammonium thiocyanate as reagent has been replaced by an aqueous solution which is much more stable and can be kept for at least 6 months.
The efficiency of the extraction process was extended to 100 mg uranium and the effect of extractable metals upon the-analysis of uranium was determined*
PRELIMINARY EXPERIMENTS

Concentration of nitric acid and thiocyanate
Various concentrations of ammonium thiocyanate and nitric acid were mixed in a 3:2 acetone-water medium both in the absence of uranium and in the presence of 0.5 *&& and 2,0 mg uranium per 25 ml. The absorbances of these solutions were measured "both Immediately and after one hour at 575 su wavelength and 0*13 mm slit width (1*1 mjj, effective band width) at room temperature using 1-cm cells with water as reference. Mixtures of maximum relative stability were considered to be those which did not increase in absorbanee more than corresponded to approximately 0*01 mg U per hour* In figure 1 are curves representing nitric acid and thiocyanate concentrations below which are the areas of maximum relative stability for 0, 0*5> and 2.0 mg uranium. These areas were different in the three cases in figure 1» Concentrations of 1 molar ammonium thiocyanate and 0»25 ,molar nitric acid were chosen for subsequent measurements. Although this combination is not quite in the region of1 maximum relative stability for 2 mg uranium, if measurements are made within 15 minutes after development of the color, the error introduced is negligible, Nitric acid was used in this work because, in the procedure Tor the analysis of minerals, nitric acid was the medium from which uranium was extracted (Grimaldi and Levine, 1954) ? although other acids could be present (DeSesa and Ittetzel, 195^)* litrie acid 0.25 molar was low enough so that it would not decompose the thiocyanate significantly in the time interval used in the procedure and high enough to prevent hydrolytic separation of uranium.
Optical density varies with acid concentration (Rodden, 1950) as well as with thiocyanate concentration (table 1)* The method employed for the separation of uranium has been described by . They found that 10 ml of ethyl acetate will quantitatively extract up to 5 mg uranium. In this investigation, various quantities of uranium up to 100 mg were extracted ,with 10 ml ethyl acetate from 5 ml of nitric acid solution (7+93) to which had "been added 9*5 g aluminum nitrate enneahydrate« The uranium was then stripped into water and determined by thiocyanate as in the regular procedure (table 2) . Interference studies Vanadium, cerium (I?) Acetone, reagent grade or redistilled.
Standard uranium solutions i*ere prepared by dissolving the required amount of 99 *9& percent U30Q in enough 1+1 nitric acid to mtee a solution of the desired uranium concentration in 7 percent nitric acid.
Outline of procedure
Ignition to destroy organic matter.
Decomposition, Solution in 7 percent nitric acid.
Extraction with ethyl acetate.
Stripping with water* Determination* Detailed procedure A sample weight is taken such that the final determination is made on a solution containing 1 mg of uranium per 25 ml* 1!he sample is first ignited at a temperature not less than 600° C to destroy organic matter "
The method of decomposition .will vary with the nature of the ore or mineral. Carnotite ores were decomposed with nitric and hydrofluoric acids, dare must be taken on adding acid due to the possibility of effervescence, Any manganese or cerium (IV) may be reduced with a little hydrogen peroxide.
After decomposition, the solution is evaporated to dryness on the steam bath and then dissolved in (l+l) nitric acid. The evaporation to dryness and solution in nitric acid is repeated twice. Occasionally some undecomposed quartz will remain but this can be neglected.. If the residue is dark, it may be necessary to filter, ignite, and fuse with a little sodium carbonate, the fusion allowed to cool, and then dissolved in nitric acid (l+l). This is added to the acid-decomposable portion and evaporated to dryness.
The residue is treated with 7 ml (1+1) nitric acid, about 15 ml of water added, and solution effected by warming. The solution is transferred to a 50-ml volumetric flask and diluted to the mark with water at room temperature.
A suitable aliquot of the prepared solution is added to A1(I03)3«9%Q in a 30-ml beakers 9.5 g of this salt is used for a 5-ml aliquot of the solution. The solution before addition of the salt should contain 7 percent HNQs ^y volume. A 5-or 10-ml aliquot is generally taken. If less than 5 ml is taken, 7 percent ENOs should be added to bring it to that volume. The salt is dissolved by warming, the solution cooled, and then transferred to a 60-ml separatory funnel. The beaker is rinsed twice with 5-ml portions of ethyl acetate (10-ml portions if a 10-ml aliquot and 19 g of Al(¥03)3*9220 were taken). The rinsings are added to the separatory funnel. The funnel is stoppered using a rubber stopper that had "been previously soaked in ethyl acetate for several hours, and shaken for one minute. The layers are allowed to separate, and the aqueous layer discarded. The ethyl acetate layer is -washed twice with 5-rml portions of aluminum nitrate-nitric acid solution (10 ml of wash for the IQ-ml aliquot). The combined washings are extracted with 5 ml of ethyl acetate (8 ml if a IQ-ml aliquot was used), and the acetate layer combined with the previous one* The aqueous layer is discarded.
The ethyl acetate layer is stripped with two 10-ml portions of water and these are collected in a 30-ml "beaker* If the amount of uranium extracted is 1 mg or less, the solution is evaporated to drynessj if more, it is diluted to a definite volume and an aliquot evaporated* The residue is dissolved in 5 ml of 7 percent nitric acid .and transferred to a 25-ml volumetric flask.
The reagents are pipetted separately into the beaker and transferred, in turn, to the volumetric flask, mixing after each reagent is added in the following order: 1 ml of stannous chloride solution, 15 Bl of acetone, 3 ol of 8*53 molar ammonium thlocyanate, and finally water to the mark.
The absorbancy is measured against distilled water as a reference solution with a Beckman BU spectrophotometer using l~cm silica cells, at a wavelength of 375 raja, and slit width of 0«13 mm. If the final concentration is between 1*5 mg and 11 mg U per 25 ml, a wavelength of 420 mfi can be used. 
